Abstract-A nondipping blood pressure (BP) pattern is common in patients with obstructive sleep apnea (OSA). However, it is unclear how useful a nondipping BP pattern is in screening for OSA. In this cross-sectional study, we recruited consecutive patients with clinical indications for performing ambulatory BP monitoring evaluating the following dipping patterns: (1) normal: ≥10% but <20%; (2) extreme: ≥20%; (3) reduced: ≥0% but <10%; and (4) 
O bstructive sleep apnea (OSA) is a common sleep-disordered breathing characterized by partial or complete upper airway obstruction during sleep that promotes a decrease in intrathoracic pressure, intermittent hypoxia, and sleep fragmentation. 1 It is well established that OSA promotes higher sympathetic activity and blood pressure (BP) surges during sleep. [2] [3] [4] Indeed, previous studies in selected populations of OSA patients have shown that impaired nighttime decreases in BP during sleep (namely, a nondipping pattern) are common in these patients. 5 Moreover, OSA severity as evaluated by the apnea-hypopnea index and oxygen desaturation index was progressively associated with nondipping BP in 1 study. 6 These results suggest that a progressive BP burden is associated with increased OSA severity; thus, some medical societies have suggested that OSA screening be performed in the presence of nondipping BP pattern. 7 However, the following gaps in this research area are worth mentioning: (1) a nondipping BP pattern may not be specific for OSA because confounding factors, including poor sleep quality during ambulatory BP monitoring (ABPM), diabetes mellitus, and chronic kidney disease are also associated with a nondipping BP pattern 8 ; (2) it is unclear whether any specific pattern of altered nondipping BP may be more useful in identifying the presence of OSA; and (3) after identifying a nondipping BP pattern, it is unknown whether the use of assessments for snoring or sleep questionnaires are useful for improving the accuracy of identifying OSA compared with the identification of a nondipping BP pattern alone. In the present investigation, we hypothesized the following: (1) OSA is common in patients with clinical indications for ABPM and is associated with more frequent nondipping BP patterns in these patients than in non-OSA patients; (2) a reverse nondipping BP pattern (higher mean BP during the nighttime than during the daytime period) is more accurate in predicting OSA than other nondipping BP patterns; and (3) assessment of snoring via the medical history or the use of common sleep questionnaires for screening for OSA will be helpful when used in combination with selected nondipping BP pattern.
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Methods
The authors declare that all supporting data are available within the article (and in the online-only Data Supplement). This study was approved by the Heart Institute Ethical Committee (no. 30958714.4.0000.0068), and written informed consent was obtained from all participants. During a 1-year period, we recruited consecutive adult outpatients (regardless of sleep-related complaints) from the public health system who were admitted for ABPM at the Heart Institute, University of São Paulo Medical School, Brazil. The clinical indications for ABPM were not determined by the investigators involved with the study. We excluded patients who declined to undergo sleep evaluation, patients who reported poor sleep quality (clearly worse than usual) during ABPM (which potentially may account for a nondipping BP pattern), pregnant women, shift workers, and patients with predominant (>50%) central sleep events during the objective sleep study.
The following procedures were performed in this order:
Ambulatory BP Monitoring
All patients underwent 24-hour ABPM (SpaceLabs device, model 90207, SpaceLabs Medical, Inc, Snoqualmie, WA) using appropriate cuff sizes. Patients with a minimum of 50 successful measurements made during ABPM were included in the analysis as previously described by others. 9 BP was measured every 10 minutes during the day and every 20 minutes during the night with a cuff placed on the patient's nondominant arm. 10 Activity, bedtime, and time on awakening from sleep were recorded by participants in diaries as previously described. 10 Participants were instructed to perform their ordinary daily activities and not to move their arms during the ongoing measurement. Values were considered normal when the systolic and diastolic BPs were <135 and <85 mm Hg, respectively, during the daytime and <120 and <70 mm Hg, respectively, during the nighttime. 11 In our study, we explored both systolic and diastolic BP dipping patterns. A normal BP dip was defined based on BP as a ≥10% but <20% reduction in BP during sleep compared with during the awake period. Extreme dippers were defined as a ≥20% reduction in BP during sleep compared with the awake period. A nondipping BP was divided into 2 subtypes: (1) reduced dippers, which was defined as a ≥0% but <10% reduction in BP during sleep compared with during the awake period; and (2) reverse dippers (risers), which was defined as a <0% reduction in BP during sleep compared with during the awake period.
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Clinical Evaluation
We invited patients to undergo clinical evaluations within 7 days after ABPM. We gathered their medical histories and anthropometric measurements, including neck and waist circumferences and body mass index. Office BP was determined with the patient resting in a sitting position using ≥3 readings (the first reading was excluded) obtained at 5-minute intervals with an automatic and validated digital machine (Omron 742; Kyoto, Japan). In addition, we recorded the presence of subjective snoring and administered 2 sleep questionnaires to evaluate the risk of OSA: the Berlin questionnaire (a tool for screening for OSA based on questions in 3 symptom categories, including [1] snoring, [2] daytime somnolence, and [3] the presence of obesity or hypertension, in which a high risk of OSA was defined as a positive result in ≥2 symptom categories); 13 and the NoSAS score (a tool for screening for OSA with questions about neck circumference, obesity, snoring, age, and sex. The score ranges from 0 to 17 points. Four points are attributed for a neck circumference of >40 cm, 3 points for a body mass index of 25 kg/m 2 to <30 kg/m 2 , 5 points for a body mass index ≥30 kg/m 2 , 2 points for snoring, 4 points for >55 years of age, and 2 points for male sex. A score of ≥8 points is consistent with probable OSA).
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Overnight Home Sleep Study
On the same day of the clinical evaluation, participants underwent an overnight home sleep study with a portable sleep monitoring device (Embletta Gold, Natus Medical, Inc, Ontario, Canada), which is a standardized level-3 portable diagnostic device that measures the following outputs: nasal airflow (nasal pressure transducer), thoracoabdominal movements (inductive respiratory bands), arterial oxygen saturation (pulse oximetry), snoring episodes (derived from an integrated pressure transducer), limb movement, electrocardiography, and body position. The Embletta system has been validated for use against in-laboratory polysomnography 15, 16 and possesses a sensitivity and specificity ranging from 92% to 97% and 64% to 96%, respectively. [17] [18] [19] All studies were manually scored by the same expert in sleep medicine (L.F. Drager) who had no access to the ABPM or clinical data. The respiratory events were scored according to the American Academy of Sleep Medicine 2012 criteria 20 as follows: an apneic event was defined as a ≥90% decrease in airflow from the baseline value for ≥10 seconds. Hypopnea was defined as a ≥30% decrease in airflow lasting at least 10 seconds with a ≥3% decrease in O 2 . Apneas were further classified as obstructive or central apneas based on the presence or absence, respectively, of respiratory-related chest wall movement. The sum of apneas and hypopneas per hour were calculated to determine the apnea-hypopnea index. Considering that increasing evidence suggests that mild OSA is not associated with increased cardiovascular risk, 21 we decided to classify OSA using a more conservative apnea-hypopnea index cutoff of ≥15 events/h (moderate to severe OSA), which has potential clinical implications for hypertension.
Blood Samples
All participants had fasting blood samples taken to measure glucose, a lipid profile, urea, and creatinine using standard techniques. Estimated glomerular filtration rates were calculated using the equations from the Chronic Kidney Disease Epidemiology consortium 22 without correction for race (which does not add useful information for Brazilians).
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Statistical Analysis
The sample size was calculated based on the following assumption for diagnostic tests 24 : Nondipping BP patterns (reduced and reverse dippers) may serve as screening tools for indicating formal sleep studies. In this study, we used a sensitivity of 95%, a specificity of 80%, and CIs of 5%. Estimating a frequency of 50% of OSA based in our previous study, 25 a sample of 146 patients would be required for this analysis. Data were analyzed with SPSS statistical software (20.0 IBM SPSS Statistics for Windows, Armonk, NY). Variables are expressed as the mean±SD, median (interquartile range), or percentage, when appropriate. For the baseline quantitative characteristics in patients with and without OSA, we used the mean, SD, median, and 25th and 75th percentiles and compared the groups using unpaired Student t test. Qualitative baseline characteristics were described using absolute and relative frequencies using the χ 2 test or Fisher exact test. To compare the characteristics of patients with different nondipping patterns, we used 2-way ANOVA. A logistic regression analysis was performed to identify the independent variables associated with a nondipping pattern. A receiver operating characteristic curve analysis was performed, and the area under the curve was calculated to evaluate the accuracy of selected dipping BP patterns alone or in combination with the presence of snoring and each sleep questionnaire. All tests were performed at a 5% significance level.
Results
We initially selected 226 patients. Seventy-three patients were excluded (the reasons for exclusion are detailed in Figure S1 in the online-only Data Supplement). Thus, 153 patients were included in the final analysis. OSA was present in 77 patients (50.3%). Table 1 shows the main clinical data. Patients with OSA were older, weighed more, had higher adiposity parameters, had more comorbidities, such as diabetes mellitus and dyslipidemia, and had lower estimated glomerular filtration rates than patients without OSA.
As expected for a tertiary cardiology center, ≈95% of the patients had a previous diagnosis of hypertension. Most patients were undergoing ABPM to evaluate the efficacy of BP treatment followed by suspicion of a white-coat effect (hypertensive patients who had higher BPs in the office than during their daily routines). The data on antihypertensive treatments are detailed in Table 1 . Patients with OSA used more antihypertensive drugs (primarily more thiazide diuretics, calcium channel blockers, and centrally acting α 2-adrenergic agonists) and more frequently used at least 1 hypertensive drug during the night than patients without OSA. Office BP measurements and ABPM values and sleep parameters are reported in Table 2 . Patients with OSA had higher systolic nighttime BPs than patients without OSA.
Office BPs and other ABPM variables were not different between the 2 groups. Expected differences in apnea-hypopnea index, the lowest oxygen saturation, and the percentage of total time with oxygen saturation <90% were observed in the 2 studied groups. Figure 1 shows the distribution of patients according to the 4 dipping patterns ( Figure 1A , systolic BP; Figure 1B , diastolic BP). Considering systolic BP, the frequency of OSA in patients with reverse dippers was higher than normal, extreme, and reduced dippers. Interestingly, patients with and without OSA had similar frequencies of extreme and reduced systolic dipping patterns ( Figure 1A) . For diastolic BP, OSA was more common in reduced and reverse dippers as compared to normal or extreme dippers ( Figure 1B) . Values are presented as the median and IQR, mean±SD, or number (frequency). ABPM indicates ambulatory blood pressure monitoring; ACE, angiotensin-converting enzyme; ARB, angiotensin II receptor blocker; BMI, body mass index, eGFR, estimated glomerular filtration rate; HbA1c, glycohemoglobin; IQR, interquartile range; and OSA, obstructive sleep apnea. *The lack of indication for suspected of masked hypertension is because of the previous hypertension diagnosis in the vast majority of patients.
The main clinical variables, stratified according to the systolic and diastolic BP dipping patterns, are reported and described in Tables S1 and S2, respectively. The characteristics of office BP, ABPM values, and sleep parameters, stratified according to the systolic and diastolic BP dipping patterns, are reported and described in Tables S3 and S4,  respectively. In the regression analysis, the only systolic dipping pattern that was independently associated with the presence of OSA was the reverse pattern ( Figure 2A ). Both reduced and reverse diastolic dippers increased the likelihood of OSA for 2.7-fold and 3.5-fold, respectively ( Figure 2B) . Figures S2 and S3 show the adjusted receiver operating characteristic curves for the reverse BP pattern with and without the use of sleep questionnaires. The presence of subjective snoring or a high risk of OSA, as assessed by the Berlin questionnaire or by the NoSAS score, promoted a modest increase in the accuracy in the use of this nondipping pattern for predicting OSA.
Discussion
In the present study of patients with clinical indications for ABPM, systematic sleep evaluations conveyed the following findings: (1) Approximately half of the patients with clinical indications for ABPM had significant OSA. (2) For systolic BP analysis, patients with OSA less frequently had a normal dipping BP pattern but were 3× more likely to have a reverse BP pattern than those without OSA. Interestingly, a similar frequency of reduced dipping BP patterns was observed between the 2 groups. (3) For diastolic BP analysis, patients with OSA had a higher frequency of both reduced and reverse BP pattern than those without OSA. (4) In the regression analysis, reverse systolic dipper was independently associated with OSA, whereas both reduced and reverse diastolic dippers increased the likelihood of OSA. (5) The presence of a subjective snoring complaint or positive sleep questionnaire findings promoted a modest increase in the accuracy of the reverse dippers for predicting OSA. Overall, our results highlight that analysis of ABPM for nondipping patterns may provide clues to the presence of OSA. The value and prognostic impact of ABPM are well established.
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Several large cohort studies have consistently shown that a nondipping systolic BP pattern is a marker of target-organ damage 27, 28 and cardiovascular events. 12, 26, 29, 30 The reverse BP pattern occurs in ≈5% to 20% of patients undergoing ABPM and has an impact on cardiovascular morbidity and mortality. 12 In the present study, we explored the utility of nondipping BP patterns in screening OSA. Previous investigations have focused on evaluating the frequency of overall nondipping BP patterns in patients with OSA compared with their counterparts. 6, 31 In clinical practice, OSA is frequently underdiagnosed, 32 and the traditional questionnaires do not seem to perform well in patients with hypertension, especially in those with resistant hypertension. 33, 34 ABPM is frequently requested for hypertensive patients during their treatment and may represent a good opportunity for diagnosing OSA. To the best of our knowledge, only one study has evaluated the utility of ABPM for screening for OSA. In this study, Torres et al 35 evaluated 105 hypertensive patients to select ABPM data and other variables to identify moderate Values are presented as the median and IQR or number (frequency). ABPM indicates ambulatory blood pressure monitoring; AHI, apnea-hypopnea index; BP, blood pressure; DBP, diastolic BP; IQR, interquartile range; OSA, obstructive sleep apnea; and SBP, systolic BP.
to severe OSA. The best model included sex, obesity and abdominal obesity, mean daytime BP, mean nocturnal heart rate, and minimum diastolic nighttime BP to achieve an area under the curve of 0.804. There are several differences between the current investigation and the aforementioned study: First, Torres et al 35 recruited hypertensive patients with subjective snoring rather than consecutive patients with clinical indications for ABPM. Patients with OSA may not be aware of their snoring, particularly those who live alone; Second, the selected model may not be useful for application in clinical practice, and a detailed analysis of the different nondipping BP patterns was not performed. In our study, we evaluated the value of extreme, reduced, or reverse patterns in consecutive patients regardless of their sleep complaints. The reverse pattern was the only systolic pattern that was independently associated with OSA (≈4-fold higher likelihood), whereas reduced, as well as reverse diastolic dippers increased the likelihood of OSA for 2.7-fold and 3.5-fold respectively. Additional sleep data provided only modest or no increase in the accuracy of diagnosis of OSA (onlineonly Data Supplement). These findings may have implications for clinical practice because of the recommendation of considering OSA in patients with an overall nondipping BP pattern. 7 Repetitive respiratory events observed in OSA trigger sympathetic activation and BP surges during sleep, providing biological plausibility for expecting a nondipping BP pattern in patients with OSA. However, a significant proportion of OSA patients had a normal dipping BP pattern in our study. These BP oscillations may not be detected by 2 or 3 BP measurements per hour during the night with ABPM, limiting its ability to detect the real BP burden of OSA during sleep. However, reverse pattern for systolic and diastolic BP, as well as reduced pattern for diastolic BP were useful for detecting OSA. The precise reasons for these results are not entirely clear. Reverse dippers for systolic (but not for diastolic BP) had lower minimal oxygen saturation levels and higher total time with oxygen saturation <90% than those in the reference group during the sleep study (online-only Data Supplement). These findings suggest that OSA patients with a reverse systolic pattern may have a higher hypoxemic burden phenotype in terms of OSA. However, diastolic BP increase seems to be the first BP component to appear in patients with OSA (probably related to the arterial resistance increase associated with the respiratory events). Our study has strengths and limitations that need to be addressed. About the strengths, we studied a nonreferred population with clinical indications for ABPM. Sleep data were analyzed in a blinded way. We carefully excluded patients receiving specific OSA treatment, as well as those with conditions that may have interfered with BP dipping patterns. Several limitations should be acknowledged. First, we used a portable sleep monitoring device. However, as previously described, this monitor was properly validated. However, a major advantage of portable monitoring is the ability to perform monitoring at home, which is more appropriate for reproducing sleep patterns than polysomnography performed in sleep laboratories. Second, we did not perform sleep studies on the same night as ABPM neither evaluate the reproducibility of dipping patterns. However, these options were prespecified in our study for the following reasons: (1) Simultaneous monitoring may interfere with sleep quality and compromise interpretation of BP dipping patterns. (2) We tried to mimic a real-life situation: In an OSA underdiagnosed scenario, clinicians may ask about sleep-related complaints, perform questionnaires, and eventually request sleep studies after identifying a nondipping BP pattern; unless there are technical issues or the quality of sleep was poor, ABPM is not systematically repeated to confirm dipping patterns. Third, patients were using antihypertensive medications, and we did not monitor their adherence to medication use. Although including patients who have never been treated for hypertension would be ideal for addressing the impact of OSA, this strategy may not reflect reality for ABPM services, especially in tertiary centers. To minimize the effects of drugs, we performed a logistic regression analysis and adjusted for the number of antihypertensive drugs used and the use of antihypertensive drugs at night. Regarding medical adherence, there is no ideal feasible method for proving adequate use of medications in clinical practice. Finally, this study has a cross-sectional design and comprises a relatively small number of patients. Detailed analysis of all dipping types generated groups with small sample size (especially in extreme dippers). Therefore, we cannot exclude some type 2 error in this study.
Perspectives
Our findings clearly suggest that reverse dippers (for systolic and diastolic BP) increased the likelihood of OSA ≈4-fold and 3.5-fold, respectively. This BP dipping pattern is associated with target-organ damage and a worse prognosis than normal BP dipping. 12 In addition, reduced dippers for diastolic BP increased the likelihood of OSA for ≈2.7-fold. Because the presence of snoring and 2 sleep questionnaires only added a modest or no increase in the accuracy for predicting OSA, we believed that these ABPM findings per se are good screenings for indicating additional formal sleep studies. The importance to investigate OSA in this scenario is supported by a recent evidence suggesting that impaired BP dipping is a good predictor of BP response to continuous positive airway pressure. 37 It would be interesting to explore the significance of the combination of OSA and reduced/ reverse BP patterns in the target-organ damage, especially in hypertensive patients. In addition, investigating and treating OSA may have potential impact on a reverse pattern beyond reductions (even modest) in daytime BP. 38 What Is New?
• The utility of a nondipping blood pressure (BP) pattern in screening obstructive sleep apnea (OSA) varies according to the systolic and diastolic profile. Reverse systolic dipper was independently associated with OSA, whereas both reduced and reverse diastolic dippers increased the likelihood of OSA.
What Is Relevant?
• Nondipping BP pattern is associated with target-organ damage and worse prognosis than normal BP dipping. The importance to investigate OSA in this scenario is supported by evidence suggesting that impaired BP dipping is a good predictor of BP response to continuous positive airway pressure.
Summary
In consecutive patients with clinical indications for ambulatory BP monitoring, the presence of reverse systolic dipping pattern, as well as reduced and reverse diastolic dippers increased the likelihood of OSA for 4.0-fold, 2.7-fold, and 3.5-fold, respectively. Because the presence of snoring and 2 sleep questionnaires only added modest or no increase in the accuracy for predicting OSA, we believed that these ambulatory BP monitoring findings per se are good screenings for indicating formal sleep studies.
Novelty and Significance
